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ARTICLE INFO ABSTRACT
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Previous research has shown that attractiveness perceptions of male body parts and modalities correlate with
each other. These findings support the one ornament hypothesis, according to which individual body parts and
modalities have a common underlying latent cause and vicariously function as an indicator of genetic quality

:l:t;;i:zr;enslsiname during mate choice. In contrast, the multiple messages hypothesis suggests that different body parts and modalities
Health signal distinct and non-redundant information about mate quality. This preregistered study sought to replicate
Bodies and extend findings on correlated perceptions of men's and women's facial, bodily, and vocal attractiveness,
Faces health, and physical dominance. Partial mediation by sex hormone levels (testosterone, estradiol) was analysed
Voices as purported mechanisms involved in the development of sexually dimorphic characteristics influencing per-
Testosterone ceptions. Facial photos, voice recordings, and 3D body scans of 165 men and 155 women were judged separately
Estradiol for attractiveness, health, and physical dominance by overall 400 raters. Results showed medium-sized positive

correlations for faces and bodies for all three attributes, but only few significant associations of vocal with facial
or bodily judgments. Correlated perceptions showed some variation by target sex. Thus, our results are more in
line with the one ornament hypothesis for faces and bodies, and more with the multiple messages hypothesis for
voices. No significant partial mediation by hormone levels aligning with hypotheses was found. Future studies
should include further stimuli and examine additional hormonal variables to elucidate endocrine mechanisms.

1. One ornament or multiple messages?

Sexual selection theory suggests that during intrasexual competition
men and women enhance their access to potential mates by submitting
rivals, whereas during intersexual selection they strive for partners high
in phenotypic and genetic quality (e.g. Lewis et al., 2022; Puts, 2010,
2016). Both mechanisms involve the display of traits, either to intimi-
date rivals or to showcase qualities as a partner and parent. The
assessment of attributes like physical attractiveness (especially relevant
for intersexual selection), dominance (for intrasexual competition), and
health (relevant for both forms of selection) is multimodal, including
visual cues like bodily and facial physical appearance (e.g. Roth et al.,
2021; Watkins, 2025) and vocal characteristics (Groyecka et al., 2017).
It has been proposed that cues across different body parts and modalities
of an individual's phenotype are perceived redundantly as attractive,
dominant, or healthy (Feinberg et al., 2008a; Gangestad & Scheyd,
2005; Moller & Pomiankowski, 1993; Watkins, 2025). According to the
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one ornament hypothesis (Feinberg, 2008; Fink et al., 2010; Thornhill &
Grammer, 1999; also named backup signals hypothesis, Grammer et al.,
2001; Smith et al., 2016; redundancy hypothesis, Williams & Apicella,
2023), different body parts comprise a single ornament signalling
immunocompetence (potentially mediated by androgens, as suggested
by the immunocompetence handicap hypothesis, but see Nowak et al.,
2018 for evidence questioning immunosuppressive effects of andro-
gens), genetic quality, reproductive potential, and hence overall mate
value. This has been explained by ontogenetic mechanisms of develop-
mental stability manifested in body and facial symmetry, and of sexually
dimorphic physiological features dependent on hormonal variables.
Here, an ornament is defined as a trait functional in the intrasexual
competition over or intersexual pursuit of mates (e.g. Schaefer et al.,
2006; Watts & Fitzpatrick, 2024). For example, an individual's so-
matotype (body shape and physique) is influenced by fat disposition,
which is reflected in the face as well, whereas vocal characteristics are
determined by formants, which in turn are related to body height and
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mass (Watkins, 2025). These related characteristics may lead to positive
correlations between multimodal perceptions (e.g. between bodies and
faces or bodies and voices). In contrast, the multiple messages hypothesis,
originally developed in birds and later applied to humans, suggesting
that different modalities and body parts convey distinct and
non-redundant information about an individual's mate qualities, indi-
cating overall quality only in combination (Moller & Pomiankowski,
1993; Williams & Apicella, 2023). For example, the face may primarily
convey an individual's immunocompetence and women's physical
fitness as well as further cues to health, such as indicated by hair quality,
face shape, skin texture and colour (which the body, given clothing in
everyday life, and the voice do not signal, Henderson et al., 2016; Hinsz
et al., 2001; Stephen & Luoto, 2023; Williams & Apicella, 2023). The
voice may signal a woman's reproductive potential or fertility and a
man's dominance (Pipitone & Gallup Jr, 2008; Puts et al., 2007), and the
body may convey cues to health, immunocompetence, as well as a
women's reproductive potential and parity (e.g. indicated by
waist-to-hip ratio) and men's physical fitness (conveyed by
shoulder-to-hip ratio and muscularity, for example, which are not
immediately detectable in the face or voice, Bovet, 2019; Honekopp
et al., 2007; Pazhoohi et al., 2019; Peters et al., 2007; Stephen & Luoto,
2023; Williams & Apicella, 2023). Thus, the one ornament hypothesis
predicts positive associations between perceptions of qualities based on
different stimuli (body parts and modalities), whereas the multiple
messages hypothesis suggests no substantial correlations (Trebicky
et al., 2023). Studies have reported positive correlations between per-
ceptions of bodies and faces for attractiveness (e.g. Fink et al., 2010) and
partly for dominance and health (Pereira et al., 2019; Smith et al.,
2016), albeit often only in small samples. Fewer studies have investi-
gated further modalities like voices (e.g. Roder et al., 2013; Saxton et al.,
2006). Hormonal mechanisms of these correlated perceptions have been
theorised but not yet investigated empirically (Feinberg, 2008; Thorn-
hill & Grammer, 1999). Sex steroid hormones like testosterone and
estradiol are theorised to influence the development of sexually
dimorphic characteristics in faces, bodies, and voices that affect per-
ceptions of attractiveness and other attributes (Schaefer et al., 2006;
Smith et al., 2016). These hormonal mechanisms may explain correlated
perceptions across different body parts and modalities, as suggested by
the one ornament hypothesis. Thus, this study aimed to examine cor-
relations of facial, bodily, and vocal attractiveness, health, and domi-
nance (in our study conceptualised as physical dominance, which is
close to formidability, e.g. Lukaszewski et al., 2016; in line with the
differentiation from social dominance, e.g. Main et al., 2009) in large
samples of men and women, as well as a possible partial mediation by
sex hormones (testosterone and estradiol).

In line with the one ornament hypothesis, studies showed positive
associations between perceived facial and bodily attractiveness (rs =
0.30-0.52, Fink et al., 2010; Honekopp et al., 2007; Saxton et al., 2009;
Thornhill & Grammer, 1999). Evidence for the association between
facial and vocal attractiveness is somewhat mixed, with mostly signifi-
cantly positive (rs = 0.08-0.63, Abend et al., 2015; Rezlescu et al., 2015;
Saxton et al., 2006; Schirmer et al., 2025; Valentova et al., 2017; Wells
etal., 2013; Williams & Apicella, 2023; Zaske et al., 2020) and some null
associations (rs = —0.06-0.26, Oguchi & Kikuchi, 1997; Valentova et al.,
2017; Wells et al., 2013; Zaske et al., 2020). Moreover, while direct
evidence on bodily and vocal attractiveness is lacking, vocal attrac-
tiveness was associated with bodily measures that have been shown to
correlate with attractiveness perceptions (r = 0.50 with shoulder-to-hip
ratio in men, r = —0.38 with waist-to-hip ratio in women, Hughes et al.,
2004; r = —0.36—0.60 with bodily asymmetry, Hughes et al., 2002).

While most studies on the one ornament hypothesis examined per-
ceptions of attractiveness, a few studies also investigated perceptions of
further attributes like dominance or health. Cross-modal associations for
these attributes are likely, since bodily and facial characteristics
affecting perceived dominance or health have been shown to be jointly
influenced by developmental stability and hormonal mechanisms (Fink
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et al., 2010; Foo et al., 2017; Groyecka et al., 2017; Van Dongen &
Gangestad, 2011; Zaidi et al., 2019), and previous research has shown
that at least bodily attractiveness and dominance are strongly positively
associated in men (f = 0.78, Honekopp et al., 2007). The few available
studies have shown positive correlations between facial and bodily
dominance (r = 0.53, Fink et al., 2010), as well as between facial and
vocal dominance (framed as masculinity/femininity and the latter
measured objectively as voice pitch in some studies, mostly positive
correlations with rs = 0.25-0.97 with other studies rather showing
negative or null correlations, Feinberg et al., 2005; Feinberg et al.,
2008b; Pereira et al., 2019; Rezlescu et al., 2015; Smith et al., 2016).
There is only indirect evidence for a correlation of perceived bodily and
vocal dominance (e.g. body size and voice pitch, Cartei et al., 2014; Puts
et al., 2012). It should be noted that correlated perceptions of domi-
nance may be more likely for men than for women, because there was
probably less sexual selection pressure on women to signal dominance,
in contrast to men (Puts, 2010). Regarding correlated perceptions of
health, studies only provided indirect evidence for cross-modal associ-
ations via perceived attractiveness (e.g. Grammer & Thornhill, 1994; see
also review by De Jager et al., 2018). Still, bodies, faces, and possibly
voices may constitute ornaments signalling health (Fink et al., 2010;
Young et al., 2020). One of the few available studies reported strong
positive correlations between health perceptions of faces and voices (rs
= 0.70-0.91, Smith et al., 2016).

Thus, women's and men's bodies, faces, and voices may constitute
single ornaments as cues to shared underlying qualities, resulting in
correlated perceptions of attractiveness and possibly dominance and
health (e.g. Feinberg et al., 2008a; Fink et al., 2010; Thornhill &
Grammer, 1999). However, a few key questions regarding the associa-
tions of multiple cues in humans remain unresolved, especially for
dominance and health. For bodily stimuli, a potential confounding fac-
tor in earlier studies which positively biases correlated perceptions of
faces and bodies is skin colour. Especially in ethnically diverse samples,
biases such as the own-race effect (Tanaka et al., 2004) may have
inflated positive associations. Hence, this study uses 3D body stimuli
free of skin colour information to examine whether correlated percep-
tions are robust when omitting this confound. In addition, the 3D body
stimuli entail more complete cues on body shape.

2. Hormonal mechanisms

It has been theorised that correlated perceptions of attractiveness
and other attributes can be explained by sex-specific steroid hormonal
mechanisms, involved in the development of bodily, facial, and vocal
characteristics and likely evolved under sexual selection (e.g. Smith
et al., 2016). In both men and women, the development of such sexually
dimorphic characteristics has been associated with steroids like testos-
terone and estradiol (Schaefer et al., 2006; Smith et al., 2016). For
example, women's higher estradiol levels are related to higher voice
pitch and to higher bodily and facial femininity (Feinberg et al., 2006;
Jasienska et al., 2004; Law Smith et al., 2006; Mondragén-Ceballos
et al., 2015; Schaefer et al., 2006; Thornhill & Grammer, 1999; but see
Jones et al.,, 2018 for a null-finding on facial attractiveness and
waist-to-hip ratio). In men, mostly positive associations of testosterone
levels with masculinity and health measures have been reported (e.g.
Feinberg et al., 2008a; Penton-Voak & Chen, 2004; Pound et al., 2009;
for mixed findings on health see Nowak et al., 2018; see Kordsmeyer,
Freund, et al., 2019 for a null-finding), which may signal aggressive or
dominant behaviour in intrasexual competition (Scott et al., 2013).
Indeed, in men, testosterone levels may be associated with perceived
attractiveness (Williams & Apicella, 2023; see Kordsmeyer, Lohofener,
& Penke, 2019 for a null-finding; see Jiinger et al., 2018 for a null-result
in female perceivers), dominance (Fink et al., 2010; Kordsmeyer,
Lohofener, & Penke, 2019; Smith et al., 2016), and health (Smith et al.,
2016). In women, estradiol levels may be related to perceived attrac-
tiveness (Lephart, 2018; Williams & Apicella, 2023; but see Jones et al.,
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2018 and Probst et al., 2016 for null-findings) and health (Fink et al.,
2010; Smith et al., 2016), but may be associated negatively with
dominance (Schaefer et al., 2006; Smith et al., 2016). An interaction
effect of women's higher estradiol and simultaneously lower testos-
terone levels has been associated with greater attractiveness (Thornhill
& Grammer, 1999), alternatively conceptualised and analysed as a tes-
tosterone/estradiol ratio (Probst et al., 2016; Schaefer et al., 2006).
Higher levels of testosterone in men and higher levels of estradiol (and
lower testosterone) in women would ontogenetically drive masculinity
in men and femininity in women, respectively, and hence lead to
correlated cross-modal perceptions of dominance, attractiveness, and
health (Fink et al., 2010; Smith et al., 2016; Thornhill & Grammer,
1999). With lower sex hormone levels, men's masculinity and women's
femininity should be more variable and relatively more influenced by
other factors (e.g. genetic and environmental factors, Lee et al., 2014),
leading to lower cross-modal correlations of perceptions. Hormonal
levels are often economically measured as baseline or reactive (acute
increases in anticipation of or during social interactions, such as in mate
pursuit or intrasexual competition, Roney, 2016) levels from salivary
samples (Lewis, 2006), taking salivary hormonal levels as indirect
measures of hormonal organisational effects, based on the assumption of
associations of adult salivary hormonal levels with purported markers of
perinatal organisational effects of hormones (e.g. baseline testosterone
with 2D:4D digit ratio, Klimek et al., 2014) which however was chal-
lenged by more recent null-findings (e.g. meta-analysis by Sorokowski &
Kowal, 2024 on 2D:4D digit ratio). Furthermore, perceptions of attrac-
tiveness, health, and physical dominance should be influenced by hor-
monal correlates of health (e.g. skin and hair quality, Grymowicz et al.,
2020; Zouboulis et al., 2007) and lifestyle-associated hormonal corre-
lates (e.g. physical exercise, social status, Edwards & Casto, 2013; Cheng
et al., 2018; Roney, 2016), which would in turn lead to associations of
perceptions with baseline and reactive (acute increases in anticipation of
or during social interactions, such as in mate pursuit or intrasexual
competition, Roney, 2016) hormonal levels. More recently, methods
have been developed and validated to capture baseline hormonal levels
over a timespan of weeks to months from hair samples (e.g. Russell et al.,
2012; Stern et al., 2022). Hence, hormonal mechanisms may be central
modulators of correlated perceptions of faces, bodies, and voices as
suggested by the one ornament hypothesis (Feinberg, 2008; Fink et al.,
2010; Thornhill & Grammer, 1999) and were examined in this study.

3. Hypotheses

Based on earlier studies and theoretical reasoning, we hypothesised
the following:

e There are positive correlations for perceptions of attractiveness,
physical dominance, and health between bodies, faces, and voices of
both women and men.

e The association between facial and vocal attractiveness is stronger in
women than men.
For women, we hypothesised correlations between faces, bodies, and
voices for both attractiveness, physical dominance, and health to be
partially mediated by estradiol levels and by the testosterone/
estradiol ratio (correlations controlling for estradiol levels and or the
testosterone/estradiol ratio weaker compared to bivariate
correlations).

For men, we hypothesised the correlations between faces, bodies,

and voices for attractiveness, physical dominance, and health to be

partially mediated by testosterone levels (weaker correlations con-
trolling for testosterone levels compared to bivariate correlations).

Evolution and Human Behavior 47 (2026) 106818

4. Methods
4.1. Transparency, openness, and reproducibility

The data, analysis script, and materials are available at https://osf.
io/k9fru and the preregistration at https://osf.io/q3kzf.

4.2. Facial, bodily, and vocal stimuli

As part of two larger studies involving further variables not relevant
to this investigation (Jiinger et al., 2018; Kordsmeyer et al., 2024), facial
photographs were taken from 322 targets (two photographs each from
165 men, four photographs each from 157 women, age: M = 23.8 years,
SD = 3.4, range 18-34) while standing in front of a white wall from a
distance of two metres, with the participants directly facing the camera
(Canon EOS 350D) and showing a neutral facial expression (cf. Thornhill
& Grammer, 1999). The most suitable photo per participant (in terms of
neutral facial expression and standardised head position) was chosen.
One (for facial health and physical dominance ratings) or two (for facial
attractiveness) male facial photographs and two female facial photo-
graphs were excluded due to issues with the photograph (poor quality)
or because participants did not want their photographs to be used for
rating studies, yielding final samples of 163 to 164 male facial photo-
graphs and 155 female facial photographs. All targets were scanned
three times using a Vitus"™*"XXL body scanner and AnthroScan software
(both Human Solutions GmbH, Kaiserslautern, Germany). Three-
dimensional models of body scans were converted into “beauty turn”
videos (each lasting 8 s.), in which a body was turning around its vertical
axis (Fig. 1). Four (for bodily health ratings) to 13 (for bodily physical
dominance and attractiveness ratings) male body scans and two (for
bodily physical dominance and health ratings) to 16 (for bodily attrac-
tiveness ratings) female body scans were excluded due to issues with the
scans (e.g. poor quality) or because participants did not want their body
scans to be used for rating studies, resulting in final samples of 152 to
161 male beauty turns and 141 to 155 female beauty turns (sample sizes
differed between attributes due to diverging benchmarks for stimulus
exclusions between data collections). To reduce strain on raters, the
male and female beauty turn samples were halved into sets of between
70 and 81 videos each, which were matched for BMI to yield two sets
similar in body compositions. These sets were rated by separate groups
of raters (see below). For the vocal stimuli, target men were asked to
describe themselves within one minute based on three positive life do-
mains, which were self-chosen from a list of eight life domains (e.g.
“sport”, “humour”, for details). From each recording, five seconds were

Fig. 1. Illustrative static examples of standardised male and female 3D
body scans.
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extracted, beginning five seconds after onset of the recording. Target
women were recorded reading aloud a standardised voice passage
(“rainbow passage”, Fairbanks, 1960), with the second sentence being
used for voice ratings (mean length of the voice stimuli = 3.50s, SD =
0.55 s). Since women's voices were recorded four times across their
menstrual cycle (twice fertile, twice luteal phase, see Jiinger et al.,
2018), the recordings concurrent with the face scans from the first
non-fertile session were used. That way cycle phase was standardised for
female subjects. After excluding five recordings for men owing to
technical issues and participants not wanting their recordings to be used
further, the final vocal stimulus sets comprised 160 male and 155 female
recordings. For all recordings a Line6 XD-V75 microphone was used.
Sensitivity power analyses conducted using G*Power 3.1 (Faul et al.,
2009) suggested that the sample sizes of at least 141 targets would allow
to detect small-to-medium effect sizes of p > 0.23 with 80 % power at @
= 0.05. Participants signed an informed consent form and the study was
approved by the local ethics committee (no. 111 for men and no. 144 for
women).

4.2.1.1. Raters. Overall 228 women (age: M = 23.1 years, SD = 5.7)
and 172 men (M = 23.2. years, SD = 6.0) judged target men's and
women's faces, bodies, and voices in separate groups of raters per
attribute and target sex (for exact distributions of rater numbers see
Table 1) in exchange for monetary compensation or course credit.

4.3. Rating procedures

Rating items and response scales for facial, bodily, and vocal
attractiveness, health, and physical dominance are depicted in Table 2.
For facial ratings, the photos of targets' faces were presented on com-
puter screens. Raters saw a preview of the whole sample, with each
photo being displayed for 0.5 s one after another, to provide a first
impression of the range of targets (men and women separately). Then,
raters viewed the photos in randomised order, one at a time and for as
long as they wanted, directly followed by the one rating item. For body
ratings, raters watched a preview with screenshots of the whole sample
(half of the sample per group of raters), with each beauty turn being
displayed for 1 s one after another, to provide a general impression
about the range of different bodies. Raters viewed the beauty turns in

Table 1
Distributions of rater numbers by target and rater sex for all attributes and
modalities.

Stimuli and Number of raters by target and rater sex

attributes

Male targets Female targets

Male Female Male Female

raters raters raters raters
Facial
Attractiveness - 10 20 21
Health 11 - - 11
Physical dominance 11 - - 11
Bodily
Attractiveness - 31* 42¥ 42¥
Health - 21% 17¥ 16"
Physical dominance 20% - - 20%
Vocal
Attractiveness - 22 10 -
Health 11 - - 11
Physical dominance 30 - - 12

Note. *These ratings were performed in 2 sets with half of the stimuli by half of
the raters each.

Table 2
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Overview of items and response scales for all attributes and modalities.

Stimuli and

Items and response scales by target sex

attributes
Male targets Female targets

Facial

Attractiveness “How attractive is this man?”; “How attractive is this
—5="very unattractive” to woman's face?”;
+5="very attractive” —5="extremely unattractive”

to +5="extremely attractive”

Health “How healthy is this man?”; “How healthy is this woman?”;
—5="very unhealthy” to —5="very unhealthy” to
+5="very healthy” +5="very healthy”

Physical “How likely would this man “How likely would this woman

dominance win a physical fight against win a physical fight against
another man?”; —5="very another woman?”; —5="very
unlikely” to +5="very likely” unlikely” to +5="very likely”

Bodily

Attractiveness “How attractive is this man?”; “How attractive is this
—5="extremely unattractive” woman?”; —5="extremely
to +5="extremely attractive” unattractive” to

+5="extremely attractive”

Health “How healthy is this man?”; “How would you rate this
—5="very unhealthy” to woman's health?”; —3="very
+5="very healthy” poor” to +3="very good”

(converted to 11-point scale)
Physical “How likely would this man “How likely would this woman
dominance win a physical fight against win a physical fight against
another man?”; —5="very another woman?”; —5="very
unlikely” to +5="very likely” unlikely” to +5="very likely”

Vocal

Attractiveness “How attractive is this man?”; “How attractive is this
—5="very unattractive” to woman?”’; —5="very
+5="very attractive” unattractive” to +5="very

attractive”

Health “How healthy is this man?”; “How healthy is this woman?”;
—5="very unhealthy” to —5="very unhealthy” to
+5="very healthy” +5="very healthy”

Physical “How likely would this man “How likely would this woman

dominance win a physical fight against win a physical fight against

another man?”; —3="very
unlikely” to +3="very likely
(converted to 11-point scale)

another woman?”; —5="very
unlikely” to +5="very likely”

randomised order, one at a time and for as long as they wanted (mini-
mum one full 360° turn), directly followed by the one rating item. For
judgments of voice recordings, raters were equipped with headphones,
seated in private workstations, and provided information on their age,
sex, sexual orientation, relationship status, and whether they were
enrolled as a student. Voice recordings were presented in randomised
order. All ratings were conducted separately for male and female targets,
based on previous findings of diverging effect sizes in cross-modal as-
sociations (Groyecka et al., 2017; Williams & Apicella, 2023).

4.4. Hormone measures

Target men's baseline testosterone (aggregate from two measures
across separate days to provide a more reliable trait level estimate) and
testosterone reactivity (two separate measures, one immediately after
engaging in a dyadic competition against a male opponent for a different
study and one 20 min later, Kordsmeyer, Stern, & Penke, 2019) levels as
well as target women's baseline testosterone and baseline estradiol levels
(for both, means of four measures each were taken, two each in the
luteal and in the fertile phase of menstrual cycle, Stern & Casto, 2024;
Tsepelidis et al., 2007) were measured from saliva samples by passive
drool (further details on hormone measures, see Jiinger et al., 2018;
Kordsmeyer et al., 2019). For further, more robust measures of baseline
testosterone levels (e.g. Preinbergs et al., 2023), hair samples were taken
from target women during their second and fourth lab visits (with



T.L. Kordsmeyer et al.

varying menstrual cycle phases) and aggregated to measure hair base-
line testosterone (data are available from n = 128 women, dropouts due
to levels below the limit of quantification, for details on hair testosterone
measures see Kordsmeyer et al., 2019; Stern et al., 2022). All samples
were shipped to and analysed by the Kirschbaum Lab at the Technical
University of Dresden. Men's salivary testosterone levels and women's
salivary estradiol levels were analysed using immunoassays, and
women's salivary and hair testosterone levels were measured via liquid
chromatography-mass spectrometry (LC-MS; for details and reasons for
deviating analysis methods see Jiinger et al., 2018; Stern et al., 2022).
The lab reported the following coefficients of variation (CVs): salivary
testosterone (nominal 0.01 ng/ml) intra-assay CV = 7.2 %, inter-assay
CV = 8.6 %, hair testosterone (nominal 0.5 pg/mg) intra-assay CV =
8.1 %, inter-assay CV = 8.8 %; limits of quantification (LOQs): salivary
testosterone 1 pg/ml, hair testosterone 0.08 pg/mg.

Outliers in hormonal variables were identified using the outliers mad
function of the R package Routliers (Leys et al., 2013; Leys et al., 2019;
Mehta et al., 2015; Pollet & van der Meij, 2017; setting a conservative
threshold of 3 mediation absolute deviations (MADs), Miller, 1991) and
winsorised to the threshold of 3 MADs (14 positive outliers for men's
baseline and post-competition testosterone, 13 positive outliers for
women's salivary baseline testosterone, 18 for their hair baseline
testosterone, 19 for their salivary baseline estradiol). Due to significant
deviation from normality, all hormonal variables subsequently were
log10-transformed (before transformation: Shapiro-Wilk test, Ws =
0.88-0.98, ps < 0.01, after log10-transformation: Ws = 0.98-0.99, ps >
0.12, except for women's hair testosterone: W = 0.98, p = .04). For
testosterone reactivity measures, residual scores were calculated by
regressing post-competition on baseline testosterone levels (using the
baseline saliva sample obtained on the day of the second session, for
both post-competition samples separately, cf. Burt & Obradovic, 2013;
van der Meij et al., 2012). For women, the T/E ratio (e.g. Schaefer et al.,
2006) was calculated by dividing salivary baseline testosterone levels by
salivary  baseline estradiol levels (both winsorised and
log10-transformed).

4.5. Statistical analyses

Bivariate Pearson correlations were calculated to examine associa-
tions between faces, bodies, and voices (i.e. faces-voices, faces-bodies,
bodies-voices) for perceived attractiveness, physical dominance, and
health. Analyses were performed using R (R Core Team, 2015). To
analyse partial mediation by hormonal levels, partial correlations be-
tween two rating variables were run controlling for one hormonal var-
iable at a time. These partial correlations were compared to bivariate
correlations between the two rating variables using 95 % confidence
intervals. To investigate the robustness of our findings, we ran partial
correlations and regression models including the preregistered control
variables targets' age (e.g. Schaefer et al., 2006; Zebrowitz & Franklin,
2014) and relationship status (binary: single vs. open relation-
ship/committed relationship/engaged/married) as well as exploratively
BMI (which is inversely associated with bodily attractiveness and
weakly with facial attractiveness, e.g. Thornhill & Grammer, 1999). In
exploratory analyses, the strength of correlated perceptions amongst the
three attributes were compared for the different pairs of stimuli using
Fisher's Z transformation. Results of additional analyses mentioned in
the preregistration can be found in Kordsmeyer et al. (2024).

5. Results
5.1. Descriptive statistics including inter-rater reliabilities

Descriptive statistics including inter-rater reliabilities are depicted in
Table 3. The two salivary baseline testosterone measures were strongly

positively correlated in both male (r=0.47, p < .001) and female targets
(r=0.55, p < .001), as were male targets' post-competition testosterone
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Table 3
Descriptive statistics and inter-rater reliabilities.

Stimuli and attributes Male targets Female targets

M SD A M SD a
Facial
Attractiveness -0.61 1.39 0.89 -0.15 099 0.95
Health 0.51 1.39 0.84 0.68 1.42 081
Physical dominance 0.40 1.43 0.88 0.32 117  0.71
Bodily
Attractiveness -0.18 1.83 0.93 —0.04 1.01 0.98
Health 0.52 1.83 091 1.50 1.56  0.93
Physical dominance 0.37 1.67 0.87 0.83 1.06  0.70
Vocal
Attractiveness 0.23 1.36 0.91 0.57 1.22 0.80
Health 0.85 1.36 0.71 0.78 1.70 0.84
Physical dominance 0.24 1.35 0.92  0.20 1.76  0.86
Baseline testosterone 81.23 25.63 - -

7.68 3.20

1st post-comp. Testosterone 84.61 31.36 -

2nd post-comp. Testosterone 89.98 33.18 - - - -
Hair baseline testosterone - - - 0.43 0.22 0.78
Baseline estradiol - - - 5.75 2.34 0.63

Note. To ease interpretation and comparison with other studies, hormonal levels
are reported untransformed and after winsorisation (testosterone and estradiol
levels in pg/ml), for salivary baseline testosterone, women's hair testosterone
and salivary estradiol the mean of the two baseline measures is shown.

measures (r = 0.79, p < .001).

5.2. Bivariate correlations of perceptions

For the whole sample, there were significant positive correlations
between facial and bodily attractiveness, health, and physical domi-
nance (Table 4, Figs. 2 and 3, all ps < 0.001, medium effect size for
attractiveness and health, small effect for physical dominance according
to conventional standards, Cohen, 1988; for an overview of effects see
Fig. 4). Further, facial and vocal attractiveness (p < .001), facial and
vocal physical dominance (p = .015), and bodily and vocal physical
dominance (p < .001, small effect) were significantly correlated (all
small effects). Thus, bodies of targets with healthier, more attractive,
and more physically dominant faces were, on average, perceived as
healthier, more attractive, and more physically dominant, respectively
(see also Figs. 2 and 3). Similarly, the faces of targets with more
attractive and physically dominant voices were on average perceived as
more attractive and physically dominant, respectively, whereas the
bodies of targets with more physically dominant voices were seen as
more physically dominant, on average (Fig. 4). However, the significant
positive correlations between facial and vocal attractiveness, facial and
bodily dominance, and facial and vocal dominance were significant for
men only (p < .001, p <.001, and p < .01, respectively, Table 5), but not
women (p = .06, p = .47, and p = .38, respectively). Additionally, a
significant positive correlation emerged between vocal and bodily
attractiveness for women only (p = .03, Table 5), but not men (p = .61).
All correlations were virtually unchanged as partial correlations con-
trolling for targets' age and relationship status as well as separately BMI
(except for the association between bodily and vocal physical domi-
nance turning non-significant for the full sample controlling for BML, r =
0.09, p = .13, and for women only controlling for age and relationship
status, r = 0.15, p = .06, and for women between vocal and bodily
attractiveness controlling for BML, r = 0.08, p = .35; for men, the cor-
relation between bodily health and the second testosterone reactivity
measure turned significant, r = 0.16, p = .04, Tables S1-S4). Intra-
stimuli bivariate correlations (for faces, bodies, and voices separately)
ranged 0.41-0.88 (between attractiveness and health, see Table S5),
—0.05-0.41 (between attractiveness and physical dominance), and
0.04-0.45 (between health and physical dominance).
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Table 4
Bivariate correlations between modalities for all attributes for the whole sample.
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Attractiveness Health Physical dominance
Pearson's r Bodily Vocal Bodily Vocal Bodily Vocal
Facial ... 0.44*** [0.35,0.53] 0.23*** [0.13,0.34] 0.35%** [0.25,0.45] 0.08 [-0.03,0.19] 0.29*** [0.19,0.39] 0.14* [0.03,0.24]
Bodily ... - 0.09 [-0.03,0.20] - 0.06 [-0.06,0.17] - 0.19*** [0.08,0.30]
Note. The rows “Facial ...”/”Bodily ...” depict correlations for attribute depending on attribute intersecting in columns; ***p < .001, **p < .01, *p < .05; 95 %

confidence intervals are depicted in brackets.
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Fig. 2. Bivariate correlations between facial and bodily attractiveness, separately for target men (red), and target women (green). (For interpretation of the ref-
erences to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 3. Bivariate correlations between facial and bodily dominance, separately for target men (red), and target women (green). (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)

5.3. Bivariate and partial correlations with hormonal variables

Bivariate associations of perceived attractiveness, health, and
dominance of faces, bodies, and voices with hormonal variables (men's
and women's baseline testosterone, testosterone reactivity, women's
salivary estradiol and hair testosterone, all small effects) were mostly
non-significant, except for significant positive associations of men's
baseline testosterone with facial dominance, vocal attractiveness and
dominance (Table 5). Partial correlations between ratings for faces,
bodies, and voices controlling for hormonal variables did not differ
significantly from bivariate correlations for either men or women

(Table S6). Partial correlations were virtually unchanged controlling for
targets' age and relationship status as well as separately BMI.

5.4. Exploratory analyses

The correlation between facial and bodily attractiveness was signif-
icantly larger than the correlations of vocal with facial or bodily
attractiveness (z = 2.91, p = .004 and z = 4.58, p < .001, respectively; no
significant difference between the correlations of vocal with facial or
bodily attractiveness, z = 1.75, p = .080). The correlation between facial
and bodily health was significantly larger than the correlations of vocal
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Fig. 4. Overview of bivariate correlations between stimuli by attributes, for the whole sample (red), target men only (green), and target women only (blue). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

with facial or bodily health (z = 3.56, p < .001 and z = 3.81, p < .001,
respectively; no significant difference between the correlations of vocal
with facial or bodily health, z = 0.25, p = .803). For physical dominance,
there were no significant differences between correlations (all zs < 1.96,
ps = 0.051).

6. Discussion

In two large samples of target men and women, we investigated
cross-modal concordances of perceptions of facial, bodily, and vocal
attractiveness, health, and physical dominance, as well as possible
partial mediation by targets' sex steroid hormonal levels. We found
significant positive associations between bodies and faces for all three
attributes (for dominance only for men, not women). Associations be-
tween faces and voices for attractiveness and dominance, and between
bodies and voices for dominance, were exclusive for men, while asso-
ciations between bodily and vocal attractiveness were only found for
women, but not men (Fig. 4). These results are mostly in line with earlier
empirical findings (Fink et al., 2010; Pereira et al., 2019; Saxton et al.,
2006; Smith et al., 2016) and more supportive of the one ornament
hypothesis (Feinberg, 2008; Fink et al., 2010; Grammer et al., 2001;
Smith et al., 2016; Thornhill & Grammer, 1999; Williams & Apicella,
2023) for faces and bodies, though we need to keep in mind the small to
medium-sized effects. Faces and bodies therefore appear to convey to
some extent related information about their phenotypic and perhaps
genetic quality, as indicated by correlated perceptions of attractiveness,
health, and physical dominance. Thus, faces and bodies of both men and
women appear to some degree to function as a single ornament honestly
signalling mate quality (Fink et al., 2010; Smith et al., 2016). This is in
line with shared developmental pathways for bodily and facial charac-
teristics, such as hormonal and genetic mechanisms, manifested in
related degrees of fluctuating asymmetry, averageness, and sexual
dimorphism for bodies and faces (e.g. Ekrami et al., 2021; Hughes et al.,
2002; Peters et al., 2007). For voices, however, associations were small
or even non-significant, providing evidence for the multiple messages
hypothesis (Moller & Pomiankowski, 1993).

The largest associations emerged for men's and women's facial and
bodily attractiveness as well as men's, but not women's, perceived facial
and bodily dominance and health. These correlations between

perceptions of faces and bodies are especially noteworthy, given that the
bodily stimuli were headless and did not contain any cues on skin quality
(see Fig. 1). For facial and bodily attractiveness, the correlation was only
slightly smaller than in an earlier study in which women's face ratings
were correlated with body ratings based on photographs that included
their heads and wearing street clothes or swimsuits (Bleske-Rechek
et al.,, 2014). One cue provided by both faces and bodies which may
explain such associations is body weight or body fat (approximated by
BMI, for instance; Little, 2014). Both men's and women's adiposity
negatively predicted their facial attractiveness (Faries & Bartholomew,
2012; Foo et al., 2017; Xia et al., 2025) and bodily attractiveness
(Brierley et al., 2016; Thornhill & Grammer, 1999). However, in our
study, correlations between facial and bodily attractiveness were robust
to and only slightly smaller when controlling for BMI (see Table S3),
leaving a large share of variance unexplained. Another cue of facial
attractiveness which may also be relevant to bodies is youthful
appearance (Little, 2014). Youthfulness may as well be a cue that ex-
plains the relatively large correlation for perceived health in our study
(though surprisingly in men only). Future research should investigate
perceived youthfulness for faces and bodies as a potential moderator.
However, it should be noted that at least for the bodily stimuli in our
study, youth was hardly detectable due to unavailable skin information.
A further candidate cue is averageness, which is particularly relevant for
faces, defined as resemblance to other faces within a population (Komori
et al., 2009; Lee et al., 2016; Lee et al., 2025; Leger et al., 2024; Little,
2014). Averageness has been associated with perceived facial health und
attractiveness (Foo et al., 2017; Leger et al., 2024). On the contrary, for
bodies, averageness may not be related to perceptions of attractiveness
or health in a simple linear fashion. For example, women's thinness and
fat mass and men's height and waist-chest ratio have been shown to be
associated with perceived attractiveness or health in non-linear ways
(Brierley et al., 2016; Brown & Slaughter, 2011; Fan et al., 2005; Stulp
et al., 2013; Weeden & Sabini, 2005). Further proposed cues to health
and attractiveness relevant to both faces and bodies are symmetry (Fink
et al., 2006; Tovée et al., 2000) and sexual dimorphism (masculinity in
men, femininity in women, Little, 2014; sexual dimorphism may be
more relevant in women than men, Lee et al., 2025). While recent
findings on symmetry were mostly inconsistent for perceptions of
attractiveness and health (e.g. Lee et al., 2025; Leger et al., 2024), sexual
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dimorphism may partly explain cross-modally correlated perceptions of
health and attractiveness (for which genetic and molecular mechanisms
have been proposed, e.g. Williams & Carroll, 2009). Moreover, sexual
dimorphism could specifically explain the relatively strong correlation
for dominance in men. Hence, follow-up studies should examine
whether such cross-modal perceptions are explained better if measures
of femininity (instead of only dominance perceptions) are also included
for both women's faces and bodies.

Regarding the underlying mechanisms of correlated perceptions of
facial and bodily attractiveness, it has been suggested that facial and
bodily characteristics may share some underlying factor of genetic
quality (e.g. due to deleterious mutation load, inbreeding depression, or
incompatible genes) that translate to perceptions of attractiveness
(Thornhill & Grammer, 1999). For facial attractiveness and facial
averageness a strong genetic component has been demonstrated, while
the genetic correlation between these two measures may be smaller than
assumed initially (Lee et al., 2016). Besides genetic factors, remaining
variance in facial attractiveness may be explained by environmental
perturbations during development (and measurement error, Lee et al.,
2016). Environmental perturbations, for example due to pathogen in-
fections, toxins, or malnutrition, may manifest in both facial and bodily
asymmetry, which may contribute to correlated perceptions of facial
and bodily attractiveness. However, as alluded to above, associations of
facial and bodily symmetry with attractiveness are inconsistent and
small at best (e.g. Lee et al., 2025; Leger et al., 2024). Theoretically,
developmental instability, for which (a-)symmetry is only a weak indi-
cator (Graham & Ozener, 2016), could still explain correlations between
facial and bodily attractiveness, influenced by both genetic quality and
environmental perturbations. Besides symmetry, a more likely cue is
sexual dimorphism, manifested as masculinity in men and femininity in
women, with associated genetic and molecular mechanisms (e.g. Lee
et al., 2014; Williams & Carroll, 2009). However, associations of phys-
ical dominance as a proxy measure of masculinity with attractiveness in
men are relatively weak as well (e.g. Kordsmeyer et al., 2024), calling
for further research specifically examining both objective measures and
perceptions of masculinity in men and femininity in women alongside
genetic factors (e.g. including paternal age at conception as a proxy of
mutation load, Lee et al., 2016; testing candidate genes via GWAS
studies, for an overview see White & Puts, 2019; in twin studies, Lee
et al., 2014).

All of the significant correlations were robust to controlling for target
BMI or age and relationship status. Previous research has shown nega-
tive associations of BMI with bodily attractiveness and inconsistently
with facial and vocal attractiveness (e.g. Collins & Missing, 2003;
Hughes et al., 2004; Thornhill & Grammer, 1999), and BMI has been
proposed as potential confounder of correlated cross-modal perceptions
for both attractiveness and health (e.g. Coetzee et al., 2009; Weeden &
Sabini, 2005), for which we found no support here.

Cross-modal perceptions of dominance were significantly correlated
for men only, which is in line with suggestions that intrasexual selection
for dominance-related characteristics was more prominent in men than
in women (Puts, 2010), whereas attractiveness and health are relevant
attributes regarding the mate quality of both sexes. On the other hand,
voices seem to form a more separate modality, conveying separate in-
formation about individuals' health (in line with some earlier null as-
sociations, e.g. Oguchi & Kikuchi, 1997; Wells et al., 2013; contrary to
earlier significant positive associations, e.g. Rezlescu et al., 2015; Saxton
et al., 2006; Williams & Apicella, 2023), and partially redundant in-
formation regarding individuals' attractiveness and dominance relative
to signalling by faces and bodies. Such small, non-significant associa-
tions are more in line with the multiple messages hypothesis than with
the one ornament hypothesis (Moller & Pomiankowski, 1993; Trebicky
et al., 2023; Williams & Apicella, 2023).

Vocal and facial characteristics like voice pitch and facial mascu-
linity have been discussed in the literature as evolved dominance sig-
nals, which should be associated with physical strength ontogenetically
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driven by testosterone (e.g. Fink et al., 2007; Wolff & Puts, 2010). In our
study, there was a significant positive (albeit small) association between
perceived facial and vocal physical dominance for men, but not women,
providing some evidence for these suggestions sensu the one ornament
hypothesis. However, only men's baseline testosterone levels were
related to perceived vocal dominance, with no further significant asso-
ciations between perceptions of dominance and hormonal variables
examined herein. For men, we found a medium-sized positive correla-
tion between bodily and facial physical dominance (non-significant for
women), in contrast to earlier suggestions of the body signalling mas-
culinity via a large shoulder-to-hip ratio and muscularity, which are not
directly detectable in the face. Other studies have shown that percep-
tions of facial dominance are related to bodily characteristics like
shoulder width, muscle mass, and fat mass (Lei et al., 2019; Windhager
et al.,, 2011). Hence, overall for physical dominance we provide very
limited evidence for the one ornament hypothesis for women, but more
for the multiple messages hypothesis, and mixed evidence for men.

For health, we demonstrate correlated perceptions of faces and
bodies, but not of vocal with bodily or facial health (in contrast to one of
the few available studies reporting a strong positive correlation between
facial and vocal health, Smith et al., 2016). We directly assessed health
perceptions, rather than extrapolating findings based on attractiveness
perceptions to health (e.g. Fink et al., 2010; Trebicky et al., 2023). The
relatively strong correlation between facial and bodily health may seem
surprising, given earlier evidence which suggested that faces and bodies
should provide different cues to health (e.g. hair quality, face shape, skin
texture and colour for faces, for bodies muscularity and shoulder-to-hip
ratio in men and waist-to-hip ratio in men, Bovet, 2019; Henderson
et al., 2016; Hinsz et al., 2001; Pazhoohi et al., 2019; Stephen & Luoto,
2023; Williams & Apicella, 2023). This is amplified by the fact that skin
quality was deliberately masked in our body scan stimuli (which were
consistently coloured in grey) to shift the focus to physical shape.
Apparently pure body shape information can also convey cues to sub-
jectively perceived health. A theoretical candidate mechanism would be
hormone-dependent body development. Future studies should replicate
our study using bodily stimuli with natural skin to investigate if asso-
ciations are robust when information on skin quality is available.
However, there were no moderating effects of or bivariate associations
with hormonal measures for health perceptions, contrary to theoretical
speculations of faces and bodies (and potentially voices) as condition-
dependent ornaments signalling health affected by hormonal levels
(Fink et al., 2010; Foo et al., 2017; Smith et al., 2016; Thornhill &
Grammer, 1999). These findings need to be replicated and extended,
most importantly by examining organising effects of prenatal and pu-
bertal hormonal levels, which should be more relevant for the devel-
opment of sexually dimorphic characteristics than current adult
hormone levels (e.g. Berenbaum & Beltz, 2011; Bhasin, 2003;
Mareckovd et al., 2011). Importantly, we need to stress that we assessed
subjective impressions of health, and no objective health measures.
Future studies should examine the validity of these subjective impres-
sions using direct measures of health (e.g. Bulczak & Gugushvili, 2023;
Rhodes et al., 2001).

Some positive associations between perceptions of faces and bodies
were close to large effects according to conventional standards (Cohen,
1988) and large according to typical effect sizes in individual difference
research (Gignac & Szodorai, 2016). In other words, facial and bodily
attractiveness, and for men also health and physical dominance, were
strongly associated, especially considering that they were judged by
separate groups of raters (Trebicky et al., 2023 showed that associations
were stronger for within-rater compared to between-rater designs).
Further correlations, especially for voices, were mostly medium-sized or
small. While some large effects support the one ornament hypothesis,
the smaller effect sizes for voices and for physical dominance percep-
tions for women provide partial support for the multiple messages hy-
pothesis. It has been suggested that these two theories are not mutually
exclusive, and that body parts and modalities can have both
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independent and redundant effects on perceptions of attractiveness and
related attributes and hence mate quality (Groyecka et al., 2017; Wil-
liams & Apicella, 2023). Our study underlines that especially faces and
bodies signal partly redundant information about phenotypic and
potentially genotypic quality, whereas voices are a more independent
modality. Still, some ambiguity prevails regarding which effect sizes are
required to provide clearer evidence for either the one ornament hy-
pothesis or the multiple messages hypothesis. A (perhaps too) strong
interpretation of the one ornament hypothesis itself suggests cross-
modal correlations close to unity may be necessary, which however
cannot be expected given imperfect interrater agreement (especially for
between-rater designs, Trebicky et al., 2023) and hence imperfect reli-
ability. The medium-sized effects in our study show that at least faces
and bodies are partially, but not completely, redundant signals of mate-
relevant qualities, while still considerable amounts of variance are un-
explained (e.g. 80.6 % for attractiveness based on r = 0.44). Thus, future
theoretical work would benefit empirical tests most by specifying effect
size ranges which would differentiate between the one ornament hy-
pothesis and the multiple messages hypothesis. Moreover, future studies
should incorporate further modalities, such as body odours (Lobmaier
etal., 2018; Schirmer et al., 2025; Trebicky et al., 2023) or body motion
(Fink et al., 2015; Schirmer et al., 2025), for a more complete under-
standing of multi-modal signalling of attributes relevant to intrasexual
and intersexual selection.

6.1. Hormonal mechanisms

Ontogenetic mechanisms of developmental stability have been
hypothesised to manifest in sexually dimorphic anatomical features such
as muscularity, thus driving correlated perceptions of particularly
attractiveness and dominance (Kordsmeyer et al., 2024). Hormonal
variables have been put forth as modulators of sexually dimorphic
development of facial, bodily, and vocal characteristics, and hence
drivers of correlated perceptions (Fink et al., 2010; Gangestad & Scheyd,
2005; Stephen & Luoto, 2023; Thornhill & Grammer, 1999; Williams &
Apicella, 2023). However, in our study, no partial mediation by any of
the hormonal variables (salivary baseline testosterone, testosterone
reactivity, hair testosterone, salivary baseline estradiol, testosterone/
estradiol ratio) aligning with our hypotheses was found. All partial
correlations controlling for hormonal variables did not differ signifi-
cantly from bivariate correlations between faces, voices, or bodies for
rating of attractiveness, health, or physical dominance. Thus, at least for
the stimuli, attributes, and the hormonal variables examined here, we do
not provide evidence for correlated perceptions being driven by adult
hormonal levels (contrary to earlier suggestions, e.g. Gangestad &
Scheyd, 2005; Thornhill & Grammer, 1999; Williams & Apicella, 2023).
The one body part for which sex hormones may still play a role as an
explanatory mechanism are men's faces, based on significant correla-
tions of baseline testosterone with facial attractiveness, health, and
physical dominance, which should be examined further. For a more
comprehensive investigation, future studies should examine men's hair
testosterone levels and women's testosterone reactivity, which were not
available in our data. Most importantly, future research should incor-
porate measures of organisational hormonal effects during prenatal
development and puberty, which can be expected to have effects on
facial, bodily, and vocal characteristics, on contrast to the hormonal
associations investigated in our study.

6.2. Sex differences

It has been suggested that some cross-modal associations may differ
by target sex (Groyecka et al., 2017; Williams & Apicella, 2023). In our
study, some correlations were stronger descriptively for male than fe-
male targets (between facial and vocal attractiveness, facial and bodily
health, facial and bodily dominance, facial and vocal dominance; only
the correlation between bodily and vocal attractiveness was stronger in
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women, though most confidence intervals were overlapping, Table 5).
These sex differences are mostly in contrast to earlier findings, since in
many studies associations between facial and vocal attractiveness, for
instance, were larger in women (e.g. Williams & Apicella, 2023). At least
in our study, results for target men are more in line with the one orna-
ment hypothesis, and somewhat more in line with the multiple messages
hypothesis for women. This is further corroborated by bivariate asso-
ciations of perceptions of faces with one hormonal variable (baseline
testosterone levels) in men, but not women. Further research is war-
ranted to replicate and elucidate our results.

6.3. Limitations and recommendations for future research

Our results suggest that human faces, bodies, and voices display
multiple, partly redundant cues to the same underlying quality. How-
ever, a few shortcomings limit the generalisability of our findings.
Regarding hormonal moderators, the analysis methods for our hormonal
samples were not consistent due to different study designs: immunoas-
says for men's salivary testosterone and women's salivary estradiol,
liquid chromatography-mass spectrometry (LC-MS/MS) for women's
salivary and hair testosterone. It should be noted that there are currently
no valid LC-MS/MS protocols for detecting estradiol levels (see Jiinger
et al., 2018). Relatedly, the validity of our estradiol measures may be
limited (e.g. see Arslan et al., 2023 and Brouillard et al., 2025 for critical
evidence on limited validity of salivary estradiol; but see Stern et al.,
2022 for evidence of good validity of women's salivary testosterone
measured with LC-MS/MS). Hence, low validity may at least partly
explain our null findings regarding hormonal moderators. Future studies
should replicate our results employing LC-MS/MS-based hormone
assessment, for which superior validity has been demonstrated
compared to immunoassays (e.g. Brouillard et al., 2025).

Further, perceptions of faces were based on two-dimensional static
stimuli only, while three-dimensional and dynamic stimuli may provide
more valid information (e.g. Honekopp et al., 2007; Kordsmeyer et al.,
2020; though this may differ by the attribute judged, Smith et al., 2016).
The external validity of our body scan stimuli was limited, given that
information on skin quality/texture was missing, and stimuli were static
(albeit turning around their vertical axis for a 360° view), providing no
information on movement (e.g. Fink et al., 2015; Honekopp et al., 2007).
For judgments of voice, we had to use different vocal stimuli for men and
women from existing data (an unstandardised excerpt from short free
speech was used for men, and one standardised sentence from the
rainbow passage for women), though comparable in length and
recording condition (i.e. without social context). However, both were
naturalistic speech stimuli, which have been suggested to allow for more
valid judgments compared to, for instance, isolated vowels (Zaske et al.,
2020). Still, in follow-up studies correlated perceptions should be
compared using the same kind of vocal stimuli for men and women.
Future studies could also employ a cross-cultural perspective, comparing
correlated perceptions in individualistic versus collectivistic cultures
(Kordsmeyer et al., 2024) or differentiating between countries' socio-
economic development, for which differing attractiveness perceptions
have been shown (Swami & Tovée, 2005). For instance, vocal attrac-
tiveness ratings could be influenced by socio-cultural preferences, rather
than only direct preferences for vocal characteristics (Williams & Api-
cella, 2023). One study found somewhat differing associations between
facial and vocal attractiveness in Czech versus Brazilian targets
(Valentova et al., 2017).

Finally, the existence of cross-modal ornaments suggests that in-
dividuals may have been selected to produce characteristics that
consistently signal qualities (Feinberg et al., 2008a; Fink et al., 2010). To
better understand such signalling, studies could examine further char-
acteristics associated with these correlated perceptions, such as facial
and bodily fluctuating asymmetry as an indicator of developmental
instability and hence potentially genetic quality, or body shape (e.g.
waist-to-hip ratio in women, shoulder-to-hip ratio in men) conveying
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reproductive value (Bovet, 2019; Finkel & Baumeister, 2009; Jasienska
et al., 2004; Van Dongen & Gangestad, 2011; Watkins, 2025; Williams &
Apicella, 2023). Moreover, future research could investigate if indeed
individuals with more consistent facial and bodily (and to some extent
vocal) signals have a reproductive advantage, for example assessed by
mating success or ideally reproductive success over more than one
generation, while comparing perceptions of different attributes and as-
sociations for male versus female targets (e.g. Feinberg et al., 2008a;
Fink et al., 2010; Thornhill & Grammer, 1999). This could shed light on
previous and contemporary selection pressures.

7. Conclusion

In this study, the bodies of men and women with healthier, more
attractive, and more physically dominant faces were perceived as
healthier, more attractive, and more physically dominant, while cross-
modal associations were weaker for judgments of voices. Keeping in
mind the mostly medium-sized effects, our results somewhat support the
one ornament hypothesis for faces and bodies, and mostly the multiple
messages hypothesis for voices. Our results imply that faces and bodies
signal fitness-relevant mate qualities in a similar way, while voices
convey cues somewhat different from faces and bodies. However, pre-
viously suggested hormonal dependency of these correlated perceptions
was not supported in our study, leaving room for further investigation
into other hormonal or non-hormonal mechanisms.
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